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It is now acknowledged that the planet’s climate is changing and that human activities are mostly responsible for it via 
greenhouse gas emissions (IPCC, 2013). The three main greenhouse gases (GHG), in order of importance in terms of 
impacts on the climate, are carbon dioxide (CO2), methane (CH4) and nitrous oxide (N2O). In parallel, international 
reports and review studies draw attention to the contribution made by livestock breeding activities to GHG emissions 
(CO2, CH4, N2O) and to climate change. The contribution of the world’s livestock sector to GHG emissions is estimated 
to 14.5% (Gerber et al., 2013; Caro et al., 2014). Extensive pastoral ecosystems, a quarter of the earth’s land surface, 
are said to be major contributors to global warming. In sub-Saharan Africa, the sahelian rangelands are supposed to be 
responsible for the highest rates of greenhouse gas (GHG) emissions per unit of animal product (Steinfeld et al., 2006). 
Main reasons put forward are the low productivity of herds, low management level of pastures and high 
methanogenic potential of feed intakes. These regions are characterized by restrictive climatic conditions with limited 
rain falling within a short season, creating highly seasonal variability in terms of forage availability (Cissé et al., 2016), 
and pastoralism is the dominant farming activity. Pastoralism is rangeland management and extensive livestock 
management that uses these rangelands in a context of seasonal resource scarcity for animal watering water and 
forage (McGahey et al., 2014). Pastoralism is highly dependent on the availability of these two resources, which are 
strongly dependent on rainfall and soil fertility. Consequently, this activity is especially vulnerable to multi-year 
variation in rainfall and its distribution patterns (Nassef et al., 2009).
The GHG balance for these landscapes is commonly calculated at regional and yearly scales (Steinfeld et al., 2006; 
Gerber et al., 2013; Rakotovao et al., 2017). This study proposes a dynamic vision of a sylvo-pastoral landscape 
functioning by examining the intra-annual variability of the GHG balance. The objectives of this study are to describe 
the functioning of the sylvo-pastoral ecosystem during a full year and to propose a first assessment of the intra-annual 
temporal variability of its GHG balance of a study case located in the sylvo-pastoral Ferlo Region (northern Senegal) in 
the Sahelian zone of West Africa. The study is original in its capacity to integrate the various components of the 
ecosystem (animals, soil, plants) and to consider all components of the GHG balance at the landscape level.
MATERIAL AND METHODS
Description of the study area 
The studied landscape is a circular area of 15 km centred on the Widou borehole (15°59’N, 15°19’W, 706 km²) 
representative of the sylvo-pastoral Ferlo Region in Sahelian zone of West Africa (North of Senegal) as described in 
(Assouma, 2016). This borehole was chosen due to the availability of a comprehensive database created by the 
survey activities of the group on Pastoral Systems and Dry Lands (PPZS) (Bah et al., 2010), the PAPF project (Ancey et 
al., 2008), and the presence of enclosed experimental grazing plots hereafter referred to as ‘enclosures’. They were 
created 30 years ago as part of a project implemented by the German agency for Technical Cooperation (Miehe et al., 
2010). Climate of the Ferlo region is characterized by three main seasons of four months each: a wet season from
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rodent,  birds,  and microbes) was  negligible  in  this  study. Woody  plants  and  soil were  the main  stocks where  C 
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a distinction  to be made between  emissions  and  sequestration depending on  the  season.  The GHG balance was 

























































































renewal  of woody  plant  leaves). On  the  other  hand,  negative  balances  during  both  dry  seasons  resulted  from  a 
decrease in emissions due to soils and ponds drying up, and also high biomass returns to the soil via animal dejection, 
woody plant leaf senescence and burying of herbaceous litter. The high animal presence rate and the large quantity of 



















the beginning of  the dry season,  in  the cold dry season, when animals had yet  to  leave  for  transhumance  (animal 
dejection, burying of litter in the soil) and trees were still in their growth period (humid soils in the deep layers). This 




























































study  in  Senegal.  Journal  of  Applied  Ecology  47,  692‐700. 
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